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Title of utility model: Organic Electroluminescent Device of Lanthanide 
series Metal Complex with High Efficiency and High Color Purity 

Abstract 

This utility model relates to the technical field of electroluminescent, and 
is an organic electroluminescent device of lanthanide series metal 
complex with high efficiency, high color purity and long life span. Said 
device is mainly composed of electron transporting layer, mixed layer, 
hole transporting layer and ITO conductive film, etc., wherein the mixed 
layer disposed between the electron transporting layer and the hole 
transporting layer is the transition layer of these two layers. The mixed 
layer is formed of a mixture of the trivalent lanthanide series metal ion 
< complex (represented by InC, wherein L is the lanthanide series metal 

and C is the Hgand.) and the hole transporting layer material, and the 
material of the electron transporting layer could be either LC or the 
complex of non-luminous lanthanide series metal and the same ligand C 
Such device structure could both prevent generating the ©xciplex with the 
hole transporting layer, so as to ensure the high color purity band 
emission of the lanthanide series metal ion, and improve the quantum 
efficiency of the device. 
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Organic ElectrolunulliBescentt DUevice of Lanthanide scries M®te5 
Compies with High Efficiency and High Colo? Purity 

This utility model relates to the electroluminescent technical field, and is 
an organic electroluminescent device of lanthanide series metal complex. 

Organic electroluminescent device is laminated by organic small 
molecule materials in the form of thin film, wherein the luminescent 
material must be the lanthanide series complex illuminant. The specific 
structure of the device is anode/ITO/organic multi-layer thin film/cathode. 
The anode is glass substrate, the cathode is metal electrode, ITO is 
transparent conductive film which is an oxide thin film mixed by ln 2 0 3 
and Sn 2 0 3 , When driven by DC voltage (5- 15V), visible or infrared 
fluorescence could be emitted from the transparent anode (positive) side. 

< The structures of conventional organic electroluminescent (referred to EL) 

devices are all the aforementioned "sandwich" structure or multi-layer 
structure devices, which devices with this structure are generally 
composed of three organic functional layers, i.e., ITO/HTL(hole 
transporting Iayer)/EML (emission layer)/ETL (electron transporting 
layer)/M (metal), If the EML has the functions of both ETL or HTL, the 
device is a two-layered structure, i.e., ITO/HTL/ETL-EML/M, or 
ITO/EML-HTL/ETL/M structure. Both of said two kinds of device 
structures have obvious interface effect, especially when lanthanide series 
metal complex is selected to be EML, the interface between layers causes 
the driving voltage to increase, and under the DC driving, the emission 
spectrum is not merely consisted of the narrow band of trivalent 
lanthanide series ion, then it is emitted from EML and diamine derivative 
HTL material (e.g., TPD or NPB) to form the exciplex, thus the emission 
wavelength of electroluminescent (EL) moves to the long wave distinctly, 
and the spectrum band becomes wider, so that the narrow band emission 
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of trivalent lanthanide series metal ion will be seriously disturbed. 
Meanwhile, the luminous efficiency and driving life-span will be reduced 
distinctly. 

In order to prevent the organic electroluminescent devices with 
lanthanide series complex as the emission layer from occurring exciplex 
broad band emission, and to obtain pure rare earth narrow band emission 
and high color purity organic electroluminescent device, and to improve 
the quantum efficiency of the organic electroluminescent devices using 
the lanthanide series complex as emission layer so as to improve the 
luminous brightness of the device, and to improve the working stability 
and life-span of the organic electroluminescent devices using the rare 
earth complex as the emission layer, the present utility model provides an 
organic electroluminescent device of lanthanide series metal complex 
with high efficiency, high color purity and long life-span, which could 
< eliminate the interface effect. 

The present utility model is composed of metal electrode, electron 
transporting layer, mixed layer, hole transporting layer, ITO conductive 
film, transparent substrate such as glass, etc. The metal electrode is the 
cathode and the metal used is Mg:Ag. The transparent substrate is the 
anode. The mixed layer is the emission layer, which is a mixture of light- 
emitting material of trivalent lanthanide series metal ion complex and the 
hole transporting layer. The hole transporting layer material in the mixed 
layer decreases gradually in content from the hole transporting layer to 
the electron transporting layer. In the structure of the device, neither 
obvious interface could be seen between the hole transporting layer and 
the mixed layer, nor any obvious interface could be seen between the 
electron transporting layer and the mixed layer, that is, the transition from 
the hole transporting layer to the electron transporting layer is a process 
of gradual change, and the mixed layer is actually a transition layer. 
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The figure is a structural schematic of the present utility model. In fig. I, 
1 represents the metal electrode, 2 represents the electron transporting 
layer, 3 represents the mixed layer, 4 represents the hole transporting 
layer, 5 represents the ITO conductive film and 6 represents the 
transparent substrate. 

The present utility model uses the trivalent lanthanide series metal ion 
complex (hereinafter referred to LnC), whose general expression is a 
combination of one or several of the metals; Ln 3+ L|L 2 , Ln-Pr, Nd, Sm, Eu, 
Tb, Ho, Er, Tm, Vb, wherein L,=organic fat or aromatic carboxylic acid, 
p-diketone, etc., L 2 -neutral organic ligand compound, such as R-phen 
with any substituent, 2, 2'=bpy, trioctylphosphin oxide(TOPO), 
triphenylphosphine oxide(TPPO), etc. HTL is the generally used diamine 
derivative, such as TPD or NPB. The specific processes are first coating a 
< layer of hole transmission material with the thickness of 200-5 OOnm on 

the ITO electrode that is cleaned in advance; then simultaneously 
evaporating LnC material to make the mix proportion with HTL to 
change from HTL:LnC=6: 1-3:1 to HTL:lnC= 1:6-1:3 gradually, and this 
is the mixed layer; next, evaporating a layer of ETL material with the 
thickness of 200-500nm on the mixed layer. If said LnC has the electron 
transporting property, ETL could be said LnC; and if LnC does not have 
the electron transporting property, ETL could select LC material, whose 
ligand is same as LnC ligand, and L (lanthanide series) metal ion is non- 
luminous trivalent ion Y 34 , La 3+ , Gd 3+ or Lu 3+ . In the resultant device 
structure, neither any obvious interface between HTL and the mixed layer 
could be seen nor any obvious interface between the mixed layer and the 
ETL could be seen, that is, the transition from the HTL layer to ETL layer 
is a gradually changing process. 

Such vague "interface" between functional layers in the present utility 
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model could prevent the mixed layer and the HTL from forming the 
exciplex emission, and could obtain narrow band emission of pure 
trivalent lanthanide series ion. Since the interface between layers nearly 
does not exist, the carrier injection barrier could be reduced, and owing to 
the vague interface with the HTL, the exciplex emission is avoided, thus 
luminous quantum emission efficiency could be improved. Under 
electrical excitation, the wavelength of exciplex eraittion moves to the 
long wave obviously , so it is hard to obtain pure rare earth narrow band 
emission and thereby resulting in decrease of color purity. It is necessary 
to explain that the "mixing type" structure mentioned herein is different 
from the "doping type" in structure, since the former has a large mix 
proportion while the latter has a very small mix proportion, and the 
emission material only takes a few percent of the doped material. The 
hole transporting layer is selected as diamine, such as TPD or NPB, and 
the device structure is ITO/HTL/HTL:LnC/InC or LC/Mg:Ag, and Lnc is 
the complex as indicated in the following table, then the main results are 
as shown in the following table: 



No. 


Lanthanide 
series Complex 
(LnC) 


Ligand compound 


Luminous 
efficiency (%) 


EL emission 


First ligand 


Second ligand 
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Peak 
(nm) 
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Green 
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Red 
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Blue 


05 


Oy(ACAC),phw 
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Bpy:2, r-bpy 


0.9-2.0 


480,580 
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The manufacturing process of the present utility model is as follows: 
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Under the vacuum degree of lO^Pa, all the organic materials are 
evaporated onto the ITO glass substrate with heat, and the thickness of 
HTL is 30nm, the thickness of the mixed layer is 50nm, the thickness of 
ETL is 20nm, and all the devices are packaged into organic EL 
(electroluminescent) devices by pressing the glass plate onto the devices 
with ultraviolet adhesive in dry air. 

Embodiment 1 

The material of the mixed layer is Tb(ACAC)3phen:TPD which changes 
from 1 :3 to 3:1, and the material of ETL is Tb(ACAC) 3 phen. Such device 
could emit pure linear spectrum (main peak: 545nm) of Tb 34 under the 
DC drive of 3 V. The quantum efficiency could reach above 3% under the 
electric current density lower than 200 u A/cm 3 . 

Embodiment 2 

The material of the mixed layer is Bu(DBM) 3 phen (the complex of 
trivalent europium and DBM and phen), the material of HTL is TPD, and 
the proportion of the mixed layer Eu (DBM) 3 phen:TPD changes from 1:3 
to 3:1. Such device could emit pure linear spectrum (main peak: 611nm) 
of EU 3 * under the DC drive of 2.5V. The quantum efficiency could reach 
above 4% under the electric current density lower than 200 U A/cm 2 . 

Embodiment 3 

The material of the mixed layer is Dy (ACAC) 3 phen, and the material of 
the hole transporting layer is TPD, the proportion of the mixed layer 
changes from 1:3 to 3:1, and the material of the electron transporting 
layer is Dy(ACAC) 3 phen (the complex of trivalent dysprosium and 
ACAC and phen). Such device could emit pure linear spectrum (main 
peak: 480nm and 580nm) of Dy 3 * under the DC drive of 3V. The quantum 
efficiency could reach above 1% under the electric current density lower 
than 200 u A/cm 2 . 
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Embodiment 4 

The material of the mixed layer is ErpBM^phen (the complex of 
trivalent erbium and DBM and phen), the material of the hole 
transporting layer is TPD. The proportion of the mixed layer Er 
(DBM) 3 phen:TPD changes from 1:3 to 3:1. Such device could emit pure 
linear spectrum (main peak: 525nm) of Er 3 * under the DC drive of 2.5V. 
The quantum efficiency could reach above 1% under the electric current 
density lower than 200 V- A/cm 2 . 

Embodiment 5 

The material of the mixed layer is Tb(ACAC) 3 phen, the material of the 
hole transporting layer is TPD, and the proportion of the mixed layer 
Tb(ACAC) 3 phen:TPD changes from 1:3 to 3:1, and the material is 
Gd(ACAC) 3 phen (the complex of trivalent gadolinium and ACAC and 
phen). Such device could emit pure linear spectrum (main peak: 545nm) 
of Tb 3+ under the DC drive of 3 V. The quantum efficiency could reach 
above 3% under the electric current density lower than 200 u A/cm 2 . 

Embodiment 6 

The material of the mixed layer is Tm(ACAC) 3 phen, the material of the 
hole transporting layer is TPD, the proportion of the mixed layer 
Tm(ACAC) 3 phen:TPD changes from 1:3 to 3:1, and the material of the 
electron transporting layer is Gd(ACAC)3phen (the complex of trivalent 
gadolinium and ACAC and phen). Such device could emit pure linear 
spectrum (main peak: 480nm) of Tm 3 * under the DC drive of 3V. The 
quantum efficiency could reach above 3% under the electric current 
density lower than 200 U A/cm 2 . 

Embodiment 7 

The material of the mixed layer is Nd(ACAC) 3 phen, the material of the 
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hole transporting layer is TPD, the proportion of the mixed layer 
Nd(ACAC) 3 phen;TPD changes from 1:3 to 3:1, and the material of the 
electron transporting layer is Nd (DBM) 3 phen. Such device could emit 
pure linear spectrum (main peak: 900nm and 980nm) of Nd 3 * under the 
DC drive of 6V, and infrared light is emitted. 
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What Is dasmed Is: 

1. An organic electroluminescent device of lanthanide series metal 
complex with high efficiency and high color purity, whose structure 
includes a metal electrode plate (1), an electron transporting layer (2), a 
hole transporting layer (4), an ITO conductive film (5), a transparent 
glass substrate (6), characterized in that the emission layer is a mixed 
layer (3), which mixed layer (3) is disposed between the hole transporting 
layer and the electron transporting layer, and the material of the mixed 
layer is a mixture of trivalent lanthanide series metal ion complex and the 
material of the hole transporting layer, and the mix proportion decreases 
gradually from the hole transporting layer to the electron transporting 
layer, the material of the electron transporting layer could be either the 
trivalent lanthanide series metal ion complex InC, or the complex of the 
non-luminous L lanthanide series metal and C. 

2. The organic electroluminescent device of lanthanide series metal 
complex with high efficiency, high color purity and long life-span 
according to claim I, characterized in that in the mixed layer (3), the mix 
proportion of the trivalent lanthanide series metal ion complex and the 
material of the hole transporting layer changes gradually from the hole 
transporting layer from HTL:InC=6: 1-3:1 to HTL:LnO!:6~l:3. 
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